Down syndrome is associated with severe deficits in language and verbal shortterm memory, but the causal relationship between these deficits is unclear. The current study therefore investigated the influence of language abilities on verbal short-term memory performance in Down syndrome. Twenty-one individuals with Down syndrome and 29 younger typically developing children were tested on memory for words and nonwords using 2 immediate recognition tasks: an order memory task that was a relatively pure measure of verbal short-term memory and an item memory task that was more sensitive to language ability. Despite having superior vocabulary knowledge to the typically developing children, individuals with Down syndrome were impaired on both order and item tasks. This impairment was particularly marked on the item task, where individuals with Down syndrome showed an atypically large lexicality effect. These results are interpreted in terms of an underlying verbal short-term memory deficit in Down syndrome that is compounded by poor phonological discrimination abilities.
O ne of the most striking features of Down syndrome (Trisomy 21; LeJeune, Gautier, & Turpin, 1959) is the poor performance of individuals with the syndrome on tests of verbal short-term memory. For example, their performance on tests of nonword repetition is poorer than that of typically developing children matched on receptive vocabulary (Cairns & Jarrold, in press) or nonverbal mental age (Laws & Bishop, 2003) . Similarly, individuals with Down syndrome perform more poorly on serial recall of digits than typically developing children matched on measures of receptive vocabulary (Hulme & Mackenzie, 1992; Jarrold & Baddeley, 1997; Jarrold, Baddeley, & Phillips, 2002; Kay-Raining Bird & Chapman, 1994; Marcell & Weeks, 1988) or learning disabled controls matched on vocabulary knowledge (Jarrold & Baddeley, 1997; Jarrold et al., 2002; Marcell & Weeks, 1988 ; but see Hulme & Mackenzie, 1992) , nonverbal ability (Numminen, Service, Ahonen, & Ruoppila, 2001) , or chronological age and overall IQ (Marcell & Cohen, 1992) . Individuals with Down syndrome have also been found to perform significantly worse than controls on digit recall tests, despite nonsignificant group differences in performance on nonverbal short-term memory tasks such as bead memory or Corsi blocks (Milner, 1971 ; Thorndike, Hagen, & Sattler, 1986; see Bower & Hayes, 1994; Jarrold & Baddeley, 1997; Jarrold, Baddeley, & Hewes, 1999; Jarrold et al., 2002; Kay-Raining Bird & Chapman, 1994; Laws, 2002; Numminen et al., 2001 ; see also Brock & Jarrold, in press ), indicating that shortterm memory difficulties are specific to the verbal domain. 1 Baddeley and colleagues (e.g., Baddeley, Gathercole, & Papagno, 1998) have argued that verbal short-term memory plays a crucial role in language acquisition and processing and may be particularly important for the long-term learning of phonological word forms (e.g., Baddeley, Papagno, & Vallar, 1988) , the acquisition of syntax (e.g., Ellis & Sinclair, 1996) , and comprehension (e.g., Vallar & Baddeley, 1984) . In Down syndrome, language abilities, and expressive language abilities in particular, are even poorer than would be expected given overall abilities or IQ (e.g., Chapman, 1997; Fowler, 1990) . A number of authors have therefore argued that many of these language difficulties are a direct consequence of poor verbal short-term memory (e.g., Chapman, 1995; Jarrold, Baddeley, & Phillips, 1999; Laws, 1998) . However, an alternative account has been provided by Hulme and Roodenrys (1995;  see also Snowling, Chiat, & Hulme, 1991; van der Lely & Howard, 1993) , who claimed that verbal short-term memory and language difficulties often co-occur because performance on short-term memory tasks is influenced by linguistic competence. Thus, poor verbal short-term memory in Down syndrome can be seen as a consequence of language difficulties rather than the cause. Clearly, if one is attempting to remediate some of the language difficulties associated with Down syndrome, then it is important to understand the relationship between language and verbal short-term memory impairment. The current study therefore aimed to determine the extent to which language difficulties contribute to poor shortterm memory performance in Down syndrome.
There are at least two ways in which language knowledge can influence verbal short-term memory performance (cf. Thorn & Gathercole, 2001 ). First, long-term knowledge of real words can provide top-down support for short-term memory. For example, serial recall of familiar words is superior to that for unfamiliar foreign vocabulary or nonwords (e.g. Brener, 1940; Gathercole, Pickering, Hall, & Peaker, 2001; Hulme, Maughan, & Brown, 1991; Majerus & van der Linden, 2003; Turner, Henry, & Smith, 2000) . This lexicality effect has been interpreted in terms of redintegration, the use of longterm knowledge of the phonological forms of words to fill in degraded short-term memory representations (cf. Brown & Hulme, 1996; Hulme et al., 1991) . For example, if the word hippopotamus is presented, but the trace becomes degraded (e.g., hi-opo-amus), then the participant can still use his or her knowledge of the language to guess what the word would be. In contrast, for nonwords, a complete phonological trace is required for correct recall. In addition, the lexicality effect may also reflect the use of semantic memory traces to support phonological memory for words (cf. N. Martin & Saffran, 1997; R. C. Martin, Shelton, & Yaffee, 1994) . It is therefore plausible that the poor short-term memory performance of people with Down syndrome is a consequence of a reduced top-down influence on short-term memory performance that reflects the general poverty of lexical knowledge. In fact, Jarrold et al. (2002) argued against such an account because verbal short-term memory difficulties in Down syndrome remain, even when vocabulary knowledge is controlled for. However, as these authors acknowledged, performance on receptive vocabulary tests does not necessarily provide a particularly direct index of top-down influences on short-term memory, so this remains an open question.
A second way in which language knowledge can influence performance on verbal short-term memory tasks is via the quality of encoding at input and, in particular, the ability to identify the constituent phonemes in the to-be-remembered items (cf. Brady, 1997; Snowling, Goulandris, Bowlby, & Howell, 1986) . In typical development, phonological representations are thought to be an emergent consequence of expanding lexical knowledge (Metsala, 1999) , so general language delay in Down syndrome could lead to poor phonological discrimination and consequent difficulties on verbal short-term memory tasks. In addition, phonological discrimination and short-term memory difficulties may also be caused by hearing impairments that are associated with Down syndrome (e.g., Davies, 1996; Marcell & Cohen, 1992) . In keeping with this view, hearing difficulties in otherwise typically developing children are associated with poor performance on tests of phonological discrimination, nonword repetition (Briscoe, Bishop, & Norbury, 2001) , and serial recall of phonologically similar items (Mody, Schwartz, Gravel, & Ruben, 1999) . However, such children have little difficulty on digit recall tasks (Briscoe et al., 2001) , and indeed, there is little evidence for an association between digit span performance and hearing or speech discrimination abilities in Down syndrome (Jarrold & Baddeley, 1997; Laws, 1998; Marcell & Cohen, 1992) . This presumably reflects the fact that digits are relatively familiar and distinct and so do not require fine-grained discrimination abilities. Nevertheless, hearing and phonological discrimination difficulties are clearly important factors when considering performance on short-term memory tasks requiring the identification of less discriminable stimuli.
In the current study, the effects of language abilities on verbal short-term memory in Down syndrome were investigated by comparing the performance of individuals with Down syndrome on a series of short-term memory tasks that were assumed to be differentially sensitive to lexical knowledge and phonological discrimination abilities. An important consideration when designing these tasks was the fact that many individuals with Down syndrome have speech production difficulties (e.g., Dodd, 1975; Dodd & Thompson, 2001; Gibson, 1978) , so poor performance on conventional recall or repetition tasks could potentially reflect speech output problems rather than memory difficulties. This may be less of a concern when individuals are required to produce familiar, discriminable stimuli such as digits, because it is relatively straightforward for the experimenter to determine the intended item. However, speech production difficulties pose more of a problem when individuals are required to reproduce nonword stimuli because, in this case, it is much harder for the experimenter to determine whether any inaccuracy in repetition reflects speech difficulties or memory failure (cf. Cairns & Jarrold, in press; Laws, 1998) . This potential confound was avoided in the current study by comparing memory for words and nonwords using two same/ different recognition tasks that required minimal spoken responses. A further advantage of these tasks was that exactly the same stimuli were used in the two tasks and, apart from superficial differences and the nature of the discriminations that had to be made, the two tasks were identical. As such, any dissociations in performance on the two tasks could not be explained in terms of confounding task differences.
In the order memory task, participants were presented with two lists containing the same items and were required to state whether the items in the second list were presented in the same order as in the first. This task is known to be relatively insensitive to top-down influences of vocabulary knowledge (Gathercole et al., 2001; Thorn, Gathercole, & Frankish, 2002) , because precise recall of the individual items is not necessary for determining whether their order has changed. In addition, the items in the list were phonologically dissimilar, so the task would be relatively unaffected by phonological discrimination difficulties. If, as Hulme and Roodenrys (1995) claimed, verbal short-term memory difficulties in Down syndrome were primarily a consequence of more general language difficulties, performance on this task would be relatively unimpaired. In fact, Jarrold et al. (2002) used a similar task with digit stimuli and reported that individuals with Down syndrome performed significantly worse than vocabularymatched controls. The current study extended this work by directly comparing performance on the order memory task with performance on a test of item memory that would be much more sensitive to the influence of language abilities.
In the item memory task, participants were presented with two lists and were required to determine whether the second list contained a change in one of the items. Although this particular paradigm is relatively novel in short-term memory research (although see Warrington & Shallice, 1969) , error analysis of performance on serial recall tasks suggests that lexical knowledge primarily affects item memory (Brock, McCormack, & Boucher, in press; Saint-Aubin & Poirier, 1999) . Consequently, we expected performance on this task to be particularly sensitive to the top-down influence of vocabulary knowledge. Substitutions were all single-consonant changes, so discrimination was relatively difficult, and we therefore predicted that the task would also be relatively sensitive to phonological discrimination abilities. Thus, the extent to which short-term memory difficulties in Down syndrome were a reflection of more general language difficulties would be indicated by the discrepancy between performance on the item and order memory tasks: If poor short-term memory performance was a consequence of relatively poor language ability, then any deficit would be more marked for item as opposed to order memory.
Finer-grained investigation of the influence of language abilities on short-term memory was provided by a comparison of performance in the words and nonwords conditions of the item memory task. A reduced top-down influence of vocabulary knowledge would result in a relatively small advantage for recall of words over nonwords (cf. Turner et al., 2000) and a relatively small lexicality effect in Down syndrome. In contrast, the opposite effect would be predicted by impaired phonological discrimination abilities: Snowling et al. (1986) argued that identification of nonwords relies almost exclusively on phonological analysis, whereas word identification can also involve whole-word recognition. In keeping with this view, Snowling et al. (1986) reported that impairing phonological discrimination by adding noise to the stimuli led to much poorer repetition of nonwords but had relatively little effect on repetition of real words. As such, impairment of phonological discrimination abilities in Down syndrome would have a greater detrimental effect on memory for nonwords than for words, leading to an increased lexicality effect.
To complement these analyses, phonological discrimination abilities were also investigated more directly via an item discrimination task. This task was similar to that developed by Bridgeman and Snowling (1988) and used by Briscoe et al. (2001) to assess phonological discrimination abilities in children with mild-to-moderate hearing loss or specific language impairment. Participants were presented with pairs of words or nonwords and were required to say whether the two items were the same or different. The task used the same words and nonwords as used in the memory tasks and tested precisely the same discriminations that were required in the item memory task (but clearly with a much reduced memory load). Therefore, if short-term memory difficulties in Down syndrome were a consequence of hearing loss or phonological discrimination difficulties, then the pattern of relative strengths and weaknesses on the memory tasks would be accounted for by performance on the item discrimination task.
The performance of individuals with Down syndrome on these three tasks was compared with that of a group of younger, typically developing children. Because we aimed to equate overall short-term memory abilities as much as possible, we tested the youngest group of typically developing children that were able to complete all the tasks. We then adopted a regression-based approach (cf. Jarrold & Brock, 2004) , comparing performance on one task or condition as a function of performance on another. If language abilities contributed to short-term memory difficulties in Down syndrome, then individuals with Down syndrome would perform worse on the item memory task than predicted by their order memory performance. Similarly, the relative size of the lexicality effect in Down syndrome could be investigated by determining whether memory for nonwords was better or worse than predicted by memory for words. One advantage of this approach was that it was possible to map out the relationship between performance on any two tasks in typically developing children. This is particularly important in studies of short-term memory, where effects often increase in size as a function of overall performance (cf. Logie, Della Salla, Laiacona, Chambers, & Wynn, 1996) . A further important advantage of this regression approach was that it provided information about the associations among different measures, allowing evaluation of the relative importance of factors that might contribute to short-term memory difficulties (cf. Jarrold & Brock, 2004) .
Method Participants
The Down syndrome group comprised 8 males and 13 females with Down syndrome, ranging in age from 12;5 (years;months) to 25;10, who were recruited through local Down syndrome support groups or schools for children with learning disabilities or had taken part in previous studies with the Bristol research group. Verbal IQs in this group based on the British Picture Vocabulary Scale-Second Edition (BPVS-II; Dunn, Dunn, Whetton, & Burley, 1997) ranged from 26.7 to 59.6 (M = 43.1, SD = 8.91). The typically developing group were 15 boys and 14 girls, ranging in age from 4;11 to 6;10, who were recruited from a local primary school. Table 1 shows participant details. Members of the Down syndrome group were significantly older than the typically developing group and had significantly higher BPVS-II mental ages. There were no significant group differences in nonverbal ability, assessed using Raven's Coloured Progressive Matrices (RCPM; Raven, Raven, & Court, 1998) . Digit spans (i.e., the longest sequence of digits correctly repeated) were significantly shorter in the Down syndrome group than in the typically developing group (see Brock & Jarrold, in press, for procedural details).
Stimuli and Apparatus
Stimuli for the recognition tasks were 60 English CVC words and 60 CVC nonwords (see Appendix) that were recorded in a soundproof booth by two native-English-speaking adults, one male and one female. The words and nonwords were initially recorded as 16-bit, 32-kHz wav files and were subsequently transformed using SoundEdit software (Macromedia Inc., 1995) , so that the duration of each stimulus was exactly 500 ms. Computerized tasks were programmed using HyperCard (Apple Computer Inc., 1993) and were presented on a Macintosh iBook laptop computer. Auditory stimuli were presented via Labtec C-110 R headphones.
Procedure
Pilot testing showed that it was easier to explain the word tasks than the nonword tasks. However, when participants had already performed a word task, they found it relatively easy to understand that a nonword task was a modified version of a game they had already played. Tasks were therefore presented in the following set order: word discrimination, word item memory, nonword discrimination, nonword item memory, word order memory, nonword order memory. The typically developing children and 7 of the participants with Down syndrome were tested in a quiet room at their respective schools. The remaining individuals with Down syndrome were tested in a quiet room at home. Testing was conducted over a number of short sessions to maintain interest and attention levels, although practical constraints entailed that the length of these sessions varied among participants.
Item discrimination tasks. The word item discrimination task was introduced as "the pig game." On the left of the computer screen was a pink cartoon pig, and on the right was a cartoon dog. The pig had a female voice, and the dog had a male voice. On each trial, the pig said a word, and after a pause of 500 ms, the dog attempted to repeat that word (the animals' mouths opened for the duration of auditory presentation of the word so it appeared as if they were talking). There were 40 trials in total, presented in a fixed random order. On 20 trials, the dog said the correct word, but on the other 20, the dog said a word that differed by one phoneme from the word spoken by the pig (e.g., fin repeated as pin). Ten trials involved initial-consonant changes, and 10 involved final-consonant changes, and each of the 60 words were used in this task. The participant was simply required to indicate whether the dog said the same word as the pig (acceptable responses included "yes" or "no," "same" or "different," and "right" or "wrong"). The nonword item discrimination task was introduced as "the space pig game." The task was identical to the word item discrimination task, except that the pig was turquoise and said "funny space words" (i.e., nonwords).
Item memory tasks. The word item memory task was introduced as "the sheep game." The pig from the item discrimination task was replaced by a gray cartoon sheep. On each trial, the sheep said a list of words with 100-ms silent intervals between words. After a 500-ms delay, the dog attempted to repeat the list. On half of the trials, the dog repeated the list correctly, but on the other half, one of the words was replaced by a word that was one phoneme different (e.g., ball, fin, gate repeated as ball, pin, gate). Participants were given at least two practice trials with two-item lists, and further practice trials were presented if they failed to understand the task. Test trials were presented in blocks of 12, starting with two-item lists and with list length increasing by one item each block up to a maximum of five items. Each block contained six same trials, three trials involving an initial-consonant change, and three trials involving a final-consonant change. The first 20 consonant changes involved the word pairs that were used in the item discrimination task, while the last 4 involved pairs of words from the item discrimination task, but with the second word appearing in the first list and vice versa. As far as possible, the position of the changed item within the list was evenly distributed. All 60 words from the stimulus set were used approximately equally, and lists were constructed so that all list members were phonologically distinct.
Testing was continued until all trials were completed, or until the participant scored 6 or fewer on a particular block (i.e., they were performing at or below chance levels). Clearly, this procedure allows for relatively high scores by chance alone. Participants were therefore only credited with the number of trials correct above the figure predicted by chance given the number of trials that they had completed. Thus, for example, a participant scoring 12, 9, 7, and 5 on the four blocks would be credited with a score of (12 -6) + (9 -6) + (7 -6) + (5 -6) = 9. The nonword item memory task was introduced as "the space sheep game" and was identical to the word item memory task, except that the sheep had a green body and said space words (nonwords).
Order memory tasks. The word order memory task was introduced as "the cow game." The sheep was replaced by a brown cow, and the dog was replaced by a cat, although the corresponding voices were the same. On each trial, the cow said a list of words that was identical to the sheep's list from the corresponding trial in the item memory task. However, it was explained to the participant that while the cat always said the correct words, it sometimes got muddled up and said them in the wrong order. Thus, the second list on each trial contained the same words as the first list, but on half of the trials, the order of two adjacent words was switched (e.g., ball, fin, gate was repeated as ball, gate, fin). As far as possible, the position of these switches was evenly distributed. As in the item memory task, participants were simply required to determine whether the two animals had said the same thing, and testing continued until performance was at or below chance levels. Once again, participants were only credited with the number of trials above chance that were answered correctly. In the nonword order memory task, the cow was replaced by a blue space cow that said space words (i.e., the same lists of nonwords used in the nonword item memory task). Table 2 shows overall performance on the three experimental tasks for both words and nonwords. The Down syndrome group performed significantly more poorly than the typically developing group on all measures, with the exception of the word item discrimination task, where both groups were close to ceiling. To avoid problems of ceiling effects and to increase the individual variation in item discrimination performance, a composite item discrimination score was obtained by collapsing across levels of lexicality. The distribution of this measure was significantly negatively skewed, so results were transformed by taking the square root of the proportion of items incorrect (cf. Tabachnik & Fidel, 2001 ), resulting in a nonsignificantly skewed distribution (note that a high score now indicates poor discrimination). A two-tailed independent-samples t test on this transformed measure showed that individuals with Down syndrome had significantly higher discrimination scores (poorer discrimination abilities) than those in the typically developing group, t(31.2) = 2.64, p = .020, d = 0.95.
Order Versus Item Memory
To compare item and order memory, results were collapsed across levels of lexicality to give a composite item memory score and a composite order memory score for each participant. The left panel of Figure 1 shows item memory plotted against order memory. These and subsequent results were analyzed using a form of analysis of covariance based on hierarchical regression techniques (see D. B. Wright, 1997) . In this case, item memory was the dependent variable, and order memory and group were treated as independent variables. Order memory was entered as the first step and accounted for significant variance in item memory (∆R 2 = .482, p < .001). Group was then entered as the second step and accounted for significant extra variance (∆R 2 = .164, p < .001), indicating that there were significant group differences in item memory even when order memory was controlled for. The third step was to add an interaction term; a significant increase in R 2 here would indicate that the relationship between item and order memory was different in the two groups. However, this was not the case (∆R 2 = .001, p = .701). The regression lines in the left panel of Figure 1 therefore show that the best fit to the data was provided by separate parallel lines fitted to the two groups, indicating relatively poor item memory performance in the Down syndrome group. Similar patterns of results were also observed when the data were analyzed separately for words and for nonwords.
The effect of item discrimination on item memory was analyzed in a similar manner. The right panel of Figure 1 shows item memory plotted as a function of the transformed item discrimination measure. Regression analyses showed that item discrimination accounted for significant variance in item memory (∆R 2 = .187, p = .002) but that group accounted for further significant variance (∆R 2 = .326, p < .001). The interaction term was nonsignificant (∆R 2 = .002, p = .621), so the best fit was again provided by two parallel lines, with item memory in Down syndrome being poorer than predicted by item discrimination.
Further analyses were conducted to investigate whether order memory and item discrimination accounted for unique variance in item memory. Order memory, entered as a second step in the regression, accounted for significant variance in item memory even after item discrimination had been entered in the first step (∆R 2 = .340, p < .001). Similarly, item discrimination accounted for significant variance in item memory, beyond that accounted for by order memory (∆R 2 = .055, p = .040). Finally, even after both item discrimination and order memory had been entered, group was still a Note. DS = group with Down syndrome; TD = typically developing children. Significance values are for two-tailed independent-samples t tests. Equal variance was assumed for all comparisons with the exception of word item discrimination.
significant predictor of item memory (∆R 2 = .113, p < .001). Thus, item discrimination and order memory both accounted for unique variance in item memory, but even together, they did not explain the deficit in item memory in the Down syndrome group.
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Lexicality Effects
Two-tailed paired-samples t tests showed that in the order memory task, individuals with Down syndrome, t(20) = 2.13, p = .046, d = 0.52, and typically developing children, t(28) = 2.45, p = .021, d = 0.46, performed significantly better on the words condition than on the nonwords condition. Similarly, in the item memory task, the Down syndrome group, t(20) = 4.11, p = .001, d = 1.24, and the typically developing group, t(28) = 5.81, p < .001, d = 1.17, both showed significantly better memory for words than for nonwords. Thus, both groups demonstrated significant lexicality effects on both tasks. However, to evaluate the relative magnitudes of the lexicality effect in the Down syndrome group, a regressionbased approach was again adopted.
The left panel of Figure 2 represents the effect of lexicality on order memory by showing the performance of participants on the nonword item memory task plotted against their performance on the word order memory task. Regression analyses showed that word order memory accounted for significant variance in nonword order memory (∆R 2 = .303, p < .001). However, the addition of group (∆R 2 = .020, p < .248) and the further addition of an interaction term (∆R 2 = .000, p = 980) failed to account for significant extra variance. As such, a single line fitted to both groups provided the best fit to the data. There was therefore no evidence for group differences in the size of the lexicality effect on this task.
A contrasting picture is seen for lexicality effects in the item memory task, represented in the right panel of Figure 2 , where performance on the nonword item memory task is plotted as a function of performance on the word item memory task. Regression analyses showed that word item memory accounted for significant variance in nonword item memory (∆R 2 = .298, p < .001), and the addition of group to the regression accounted for significant extra variance (∆R 2 = .167, p < .001). The further addition of an interaction term failed to significantly improve the model (∆R 2 = .025, p = .140), so the best fit to the data was provided by two parallel lines fitted to the two groups separately. Thus, individuals with Down syndrome performed significantly worse on the nonword item memory task than predicted given their performance on the words condition (i.e., Figure 1 . The relationship between performance on the item memory task and performance on order memory task (left panel) and the item discrimination task (right panel). Regression lines show the best fitting models. In both panels, the upper line corresponds to the typically developing (TD) group, and the lower line corresponds to the Down syndrome (DS) group.
2 The right panel of Figure 1 shows two individuals with Down syndrome who performed particularly poorly on the item discrimination task. The validity of this regression-based approach may be compromised when groups are severely mismatched on the predictor variable (D. B. Wright, 1997) . The above analyses were therefore repeated with these 2 participants excluded, but this did not have any qualitative effect on the pattern of results.
an increased lexicality effect for item memory in Down syndrome).
Discussion
The current study investigated the influence of language knowledge on short-term memory performance in Down syndrome by comparing memory for words and nonwords using two immediate verbal recognition tasks. The order memory task was assumed to be a relatively pure measure of short-term memory, whereas the item memory task was assumed to be much more sensitive to language abilities. Individuals with Down syndrome performed significantly worse than typically developing children on both tasks, despite having significantly better vocabulary knowledge. Crucially, however, they showed even poorer performance on the item memory task than on the order memory task, indicating that language impairment in Down syndrome does contribute to difficulties on certain verbal short-term memory tasks (cf. Hulme & Roodenrys, 1995) .
Comparison of memory for words and nonwords enabled further investigation of language influences on short-term memory performance. As expected, both groups showed small effects of lexicality on the order memory task but much larger effects on the item memory task. Of greatest interest, however, was the relative size of the lexicality effect for item memory in the two groups.
If poor item memory in Down syndrome was a consequence of a reduced top-down influence of vocabulary knowledge on short-term memory, then individuals with Down syndrome would have a smaller advantage for recall of words over recall of nonwords and would therefore show a relatively small lexicality effect. In fact, they showed a lexicality effect that was significantly greater than that of the typically developing group. One possible explanation here is that individuals with Down syndrome performed relatively well on the word item memory task because they were able to use a semantic memory strategy, remembering the meaning of the words and thereby reducing the influence of any phonological memory deficit. However, this account would predict that in Down syndrome, word item memory would be superior to word order memory because the latter task relied heavily on phonological memory for maintenance of order information. In fact, the opposite result was found. Instead, therefore, we suggest that the increased lexicality effect in the Down syndrome group reflects difficulties in phoneme identification that exist in this sample despite their relatively strong vocabulary knowledge. Such difficulties would lead to poor item memory in general, but especially poor performance for nonwords, because phonological discrimination abilities are particularly important for nonword identification (cf. Snowling et al., 1986) .
Performance on the item discrimination task did not fully account for the discrepancy between item and order memory in Down syndrome, although the same contrasts were tested in the item discrimination and item memory tasks. Accounting for individual differences in item discrimination did reduce the variance in item memory that was associated with group from 16% to 11% but did not remove the impairment in item memory associated with Down syndrome. One possibility is that the item memory task is simply more sensitive to phonological encoding difficulties than the item discrimination task. Indeed, a number of studies with other populations have shown that hearing difficulties or the addition of noise to stimuli leads to significant decrements in performance on serial recall tasks, even when it has minimal effects on the identification of individual items (e.g., Rabbitt, 1968 Rabbitt, , 1991 Surprenant, 1999) . This may occur because the extra effort required to identify the items uses resources that would otherwise be used for storage (Rabbitt, 1968) or because an impoverished sensory trace leads to subsequent difficulties in discriminating memory traces (cf. Surprenant & Neath, 1996) . It is also possible that item identification is relatively slow in Down syndrome. When single items are presented, as in the item discrimination task, this may not present a particular difficulty. However, problems may be more apparent when multiple items are presented in rapid succession, as in the item memory task. In keeping with this account, Marcell and Cohen (1992) reported that compared with learning disabled controls matched on IQ and chronological age, individuals with Down syndrome had greater difficulty identifying words that were rapidly masked by noise.
The cause of item discrimination difficulties in Down syndrome is unclear, but an obvious candidate is hearing difficulties. Specific measures of hearing abilities were not taken in the current study because the item discrimination task was included to control directly for any effects of hearing loss on memory performance. However, Marcell and Cohen (1992) reported that word identification under rapid masking conditions in Down syndrome was predicted by the extent of hearing difficulties, suggesting that hearing impairment is important. Nevertheless, item discrimination difficulties (Briscoe et al., 2001 ; see also Leonard, McGregor, & Allen, 1992; Tallal & Stark, 1981) and excessive backward masking (B. A. Wright et al., 1997) are also found in specific language impairment, despite the fact that the absence of hearing difficulties is one of the diagnostic criteria. As such, it would be premature to conclude that item discrimination difficulties in Down syndrome are entirely a consequence of hearing impairment.
Whatever the precise cause of poor item discrimination in Down syndrome, it seems unlikely that such difficulties can account for poor performance on tasks where items are phonologically distinct, such as the order memory task in the current study, or tasks involving memory for digit sequences. In particular, in a recent study (Brock & Jarrold, in press), we found that memory for digit sequences was significantly poorer in our Down syndrome group than in a group of typically developing children, even when a touch screen-based task was used to avoid the confounding influence of speech difficulties and when vocabulary knowledge, nonverbal reasoning, and spatial short-term memory were controlled for. Item identification difficulties were ruled out as a possible cause of this deficit because participants were excluded if they were not able to consistently identify auditorily presented digits. Most important, a measure of digit identification speed predicted digit memory performance but did not account for group differences. Furthermore, in the current study, performance on the order memory task accounted for substantial unique variance in item memory, beyond that accounted for by item discrimination performance. This suggests that the poor item memory performance of the Down syndrome group reflects the combined influence of phonological discrimination difficulties and a pure (language independent) short-term memory deficit.
One possible conceptualization of this short-term memory deficit is in terms of an impairment of the phonological loop (see Jarrold, Baddeley, & Phillips, 1999 )-a component of working memory that is specialized in the temporary maintenance of verbal material. According to the phonological loop model (Baddeley, 1986) , verbal material is held in a limited-capacity phonological store, but phonological representations decay rapidly unless they are refreshed by means of an active rehearsal mechanism. Evidence suggests that although individuals with Down syndrome do not appear to engage in rehearsal, neither do the individuals with whom they are usually compared (Jarrold, Baddeley, & Hewes, 2000) . Consequently, the poor short-term memory performance of individuals with Down syndrome relative to these controls would appear to indicate some form of deficit in the phonological store. This could take the form of a reduction in storage capacity or an increase in decay rate (Jarrold et al., 1999; see Gathercole & Baddeley, 1990 , for a similar account of short-term memory difficulties in specific language impairment).
Alternatively, short-term memory difficulties in Down syndrome could be understood within the framework of more recent computational models of serial order memory (e.g., Brown, Preece, & Hulme, 2000; Burgess & Hitch, 1999) . According to such models, when a list of items is presented, representations of the items are associated with different states of a time-varying temporal context signal. Serial recall is achieved by resetting the signal to the beginning of the list and outputting items as they are cued by the signal. However, noise in the system-either at the encoding or retrieval stage-can lead to order errors whereby neighboring list items are cued more strongly than the correct item (cf. Brown, Vousden, McCormack, & Hulme, 1999) . Brock and Jarrold (in press) therefore proposed that the impairment of this mechanism could explain the poor performance of individuals with Down syndrome on verbal serial order memory tasks. Clearly, such an impairment could also explain poor performance on the order memory task in the current study. Poor item memory might appear contradictory to this account, but in fact, the same mechanism is assumed to be responsible for both order and item memory. Brown et al. (2000; see also Vousden, Brown, & Harley, 2000) demonstrated that noise in the temporal context signal leads to item errors because the signal is used as the cue for retrieving items, even when the task does not explicitly require order retention. Thus, poor order and item memory, as well as the strong association found between overall performance on the item and order memory tasks, can be interpreted in terms of variation in the fidelity of the temporal cuing mechanism.
In summary, the results of the current study support the claim that the poor performance of individuals with Down syndrome on short-term memory tasks is, at least in part, a consequence of language difficulties. Although there was little evidence that poor short-term memory performance was a consequence of reduced topdown support to memory from lexical knowledge, the results suggest that difficulties in identifying the constituent phonemes in the to-be-remembered material play an important role in determining the performance of individuals with Down syndrome on some short-term memory tasks. As such, the current study highlights the importance of considering the task demands of different measures of verbal short-term memory, rather than simply assuming that poor performance provides unequivocal evidence for an underlying short-term memory deficit (cf. Hulme & Roodenrys, 1995; Snowling et al., 1991) . However, the current results, with those of our other recent studies (Brock & Jarrold, in press; Jarrold et al., 2002) , show that people with Down syndrome perform poorly on short-term memory tasks, even when tasks are relatively insensitive to language influences or when language influences have already been accounted for. It therefore appears that language difficulties cannot provide a complete explanation of poor short-term memory performance in Down syndrome, indicating that Down syndrome is associated with a fundamental underlying deficit in verbal short-term memory.
We conclude by discussing two issues that future research should address. The first issue concerns the specificity of the current findings to Down syndrome. The evidence here is limited at present. However, Brock et al. (in press) recently investigated similar issues in Williams syndrome, a learning disability of genetic origin that contrasts with Down syndrome insofar as language abilities are, if anything, better than predicted by overall abilities (see, e.g., Bellugi, Lichtenberger, Jones, Lai, & St George, 2000, for a review). Children with Williams syndrome and learning disabled controls performed more poorly than vocabulary-matched typically developing children on a probed order recall task, but the three groups showed comparable effects of lexicality on an item memory task. As such, there was evidence for impaired verbal short-term memory in both learning disabled groups but no evidence for impaired phonological discrimination abilities. We can therefore speculate that poor verbal short-term memory may be a general consequence of low IQ (see also Jarrold, Baddeley, Hewes, Leeke, & Phillips, 2004) but that the combination of verbal short-term memory impairment and poor phonological discrimination may be rather more specific (although perhaps not exclusive) to Down syndrome.
A second and perhaps more important issue concerns the implications of our findings for language development in Down syndrome. As noted earlier, numerous authors have suggested that poor verbal short-term memory is a primary cause of language difficulties in Down syndrome (e.g., Chapman, 1995; Jarrold et al., 1999; Laws, 1998) , and although we did not directly test this account, the current results are certainly consistent with this viewpoint. Nevertheless, it is clear that further research is required to determine the consequences of both phonological discrimination difficulties and verbal short-term memory deficits for different aspects of language development in Down syndrome.
